Abstract: Recent research reveals a great interest to introduce the Semantic Web as a promising technology for realizing eLearning requirements. The new, dynamic and distributed business world has motivated the research on developing eLearning. ELearning is efficient, task relevant and just-in-time learning. It gives the learner the ability to efficiently access the related educational resources just-in-time from any place. The vision of the Semantic Web is to make the Web data not only processable but also understandable so it can be used by machines not just for display purposes but for automation, integration and reuse of data across various applications. This study investigates the role of Semantic Web in realizing the e-learning requirements. It proposes an ontology-based e-learning framework that considers the main three component roles of the e-learning architecture: an author, a learner and a repository. The study also shed the light on improving the conventional metadata standards that are used to describe learning materials by proposing a semantic-based ontology to describe three different dimensions of the learning material: content, context and structure. Adopting the proposed ontology would result in facilitating both the process of finding suitable learning materials to build up a certain course and the process of navigating through the learning course.
INTRODUCTION
e-Learning is responsible of synchronizing the workers' knowledge with their work environment. Hence, it is responsible of providing the right knowledge to the right people at the right time by dedicating the use of technology to enable people to learn anytime and anywhere. Moreover, eLearning, nowadays, becomes a fundamental part of the corporate strategy. However, adopting a new style of learning constitutes a major challenge to every industry. The new style of learning will be driven by the requirements of the new economy: efficiency, just-in-time delivery and task relevance (Stojanovic et al., 2001) .
The organizational learning is the intentional use of learning processes at the individual, group and system level to continuously transform the organization in a direction that is increasingly satisfying to its stakeholders (Dixon, 1999) . To encourage businesses invest into it, learning has to satisfy a set of requirements; the learning processes need to be efficient and just-in-time, the learning material must be organized and can be retrieved efficiently, it also must be customized i.e., it is initiated according to user profiles and finally, learning needs to be relevant to the semantic context of the business (Adelsberger et al., 2002) . E-Learning aims at replacing the time, place, static content, predetermined learning into just-in-time, at work place, customized, on demand learning (Stojanovic et al., 2001) . Information Technology (besides management and culture) is one of the main pillars that e-Learning is built on. The IT is needed to implement the infrastructure that meets the e-Learning requirements: efficient, just-in-time and relevant. The existence of machine processable but not understandable information is one witness that current web based solutions do not satisfy the requirements of e-Learning. The Semantic Web comes to play its role in developing languages and approaches for expressing information in machine understandable forms.
The Semantic Web is a promising technology for realizing e-Learning requirements. According to its vision, the human and machine agents will communication on a semantic basis (Berners-Lee, 2000) . "The Semantic Web is a vision: the idea of having data on the Web defined and linked in such a way that it can be used by machines not just for display purposes, but for automation, integration and reuse of data across various applications" (Kashyap et al., 2008) . Ontologies play a main role in Semantic Web by enabling shared understanding of the domain problem. Ontology includes a description of a set of concepts (classes) and roles (relationships) in a specific problem domain. In eLearning scenarios, ontologies allow computer agents and programs to interpret the meaning of the eLearning materials unambiguously.
We believe that research efforts should focus on the problem of standardizing the way of semantically describing eLearning materials. Recently, we have seen many proposals towards standardizing the semantic descriptions of different Web resources. For example, OWL-S (Martin et al., 2004) is an OWL based ontology that aims at utilizing the Semantic Web to describe Web services with the objective of supporting more effective discovery, composition and interoperation. However, the main objective of this study is to propose a semantic-based approach that standardizes the way of semantically describing eLearning materials. This approach takes the responsibility of facilitating both the process of locating suitable learning materials to build up a certain course and the process of navigating through the learning course.
LITRATURE REVIEW
There are some approaches in the literature that could be compared to our proposal. However, in this section, we try to highlight the most related ones. An ontology-based intelligent authoring tool is proposed in (Chen et al., 1998) . The tool uses four main Ontologies (domain, teaching strategies, learner model and interfaces ontology) to construct the learning and the teaching strategy models. Still, the proposed tool fails in exploiting modern Web technology especially the Semantic Web technology to present the authoring tool.
The Karina project proposed in Crampes and Ranwez (2000) enables dynamically building courses that are adapted to the needs of users. The long range objective of the project was to propose several conceptual navigation strategies among which the system will choose the best adapted to the learner's need. Karina is based on the conceptual description of learning materials to fulfill the users' objectives in the navigation and search process through utilizing some prerequisite strategies. Sybil, the application example presented also in Crampes and Ranwez (2000) , uses conceptual graphs to formalize the domain and the pedagogy Ontologies. Although the pedagogic ontology contains a hierarchy of pedagogic concepts, pedagogic rules and pedagogic strategies, it fails to explicitly describe the context of the learning course. Moreover, neither Karina nor Sybil systems have utilized the semantic web technologies in their implementations.
The Collaborative Courseware Generating System proposed in Qu et al. (2001) focuses on taking advantages of recent Internet protocols and industry standards to facilitate the courseware generating process. Although the proposed system used various Web technologies (XML, XSLT, WebDAV) for describing course structures, it lacked explicit ontology definitions that describe the context and the structure of the learning materials.
An approach for implementing the eLearning scenario using Semantic Web technologies is presented in Stojanovic et al. (2001) . The backbone of the proposed eLearning portal is the eLearning ontology. To achieve the goal of enabling easier and more comfortable search and navigation through the learning material, the authors presented an eLearning scenario that exploits Ontologies that describes three dimensions of the learning object: the content, the context and structure. Yet, the proposed e-Learning ontology is not considered to be comprehensive and does not exploit modern Semantic Web technologies.
An e-Learning framework that is based on the Semantic Web is presented in Naeve et al. (2001) . The semantic web is utilized in order to develop tools, standards and environments that support four main areas: content management, knowledge navigation and experience-orientated environment. The presented project is part of a consortium comprising Swedish and German universities developing a P2P network for the exchange of educational resources. Although the framework sheds the light on the importance of the semantic web, we believe that the framework lacks concrete Ontologies that can be utilized to enable the desired tasks: search, retrieval, publication, replication and mapping of metadata.
The study presented in Henze et al. (2004) proposed a framework for building adaptive and personalized educational hypermedia systems. The authors utilized the semantic Web technologies to automatically generating hypertext structures from distributed metadata. Four main Ontologies were developed: the domain ontology, user ontology, observation ontology and the presentation ontology. We believe that the set of rules employed to reason over distributed information resources is not comprehensive and needs to be expanded to cover more scenarios. Moreover, utilizing OWL instead of RDF would add a great value to the proposed approach.
It is argued that current e-learning resources description standards fail to address the instructional purpose of a resource, for instance, whether a web page provides a definition or a counter-example of a concept. Hence, anontology of instructional objects (OIO) that captures the function of a learning resource is proposed in Ullrich (2004) . However, this proposal is not specifically oriented to design teaching methods adapted to different learning style models.
The <e-aula> approach presented in Sancho et al. (2005) combines context ontology and a pedagogical ontology to create dynamic personalized courses using IMS LD specification. The approach mainly proposes the use of ontologies as the knowledge representation mechanism to allow the delivery of learning material that is relevant to the current situation of the learner. However, the project focuses only on the context dimension of the eLearning resource. Moreover, the proposed pedagogical ontology needs to be extended to better fit different learning styles. (Adrich, 2004) . Semantic is not the only difference between traditional learning and e-Learning, Table 1 depicts that they differ in eight different ways. The table also presents the characteristics and pitfalls of both approaches. E-Learning concerns moving the tools and knowledge needed to perform work to workers whoever and wherever they are. It had its origins in ComputerBased Training (CBT), an attempt to automate education, replace a paid instructor and develop selfpaced learning. However, e-Learning should not be confused with traditional forms of CBT, which is nothing more than recorded education (Druker, 2000) . Two main benefits of eLearning that make it different from other forms of educations (such as academic education, CBT and distance learning): the elimination of the barriers of time and distance and personalization of the user's experience.
Traditional learning processes can be characterized by central authority where learning material is selected by the educator only. On the other hand, e-Learning processes are seen as a distributed student oriented processes where learning material is selected by the learner and according to his needs to fill his/her skills gap. As can be seen in Table 1 , traditional learning processes adopt the push delivery where the instructor determines the learning material and pushes the knowledge to learners, while eLearning processes adopt the pull delivery where students determine the agenda and seek for the knowledge that suites their needs. Moreover, Traditional learning processes is criticized for the lack of personalization because the learning material must satisfy the needs of many, where the learning material in eLearning is personalized and selected to satisfy the needs of every user. Yet, another pitfall of traditional learning is that its content remains static and isolated from the environmental changes, while in e-Learning, the content changes constantly according to business rules and needs. Finally, the traditional learning processes have a defined progression of knowledge, while in eLearning the processes allow direct access to knowledge in whatever sequence. As we can see from this comparison between traditional learning and eLearning processes, eLearning satisfies the requirements of e-Learning mentioned in the previous section: efficient, just-in-time and task relevant.
Semantic web:
The Semantic Web is an extension of the current Web, in which information is given welldefined meanings. The goal of the Semantic Web is to express information in machine-understandable forms. Moreover, the availability of machine-understandable descriptions (Semantic Web Activity Statement, 2013) is a must for discovering a learning material that is related to the learner's need. (Noy and McGuinness, 2001 ).
Ontologies are the basis of the Semantic Web and they allow computer agents and programs to interpret the meanings of different Web resources unambiguously. One main goal of developing Ontologies is to share common understanding of the structure of information among people or software agents.
One interesting feature of Ontologies is that they can import other Ontologies transitively and they can use the concepts and relationships defined in those imported Ontologies. This allows for the creation of a few domain-independent Ontologies, where very general concepts and relationships are defined and many domain-dependent Ontologies, where more specific concepts and relationships are defined.
Semantic web architecture:
The underlying framework of the Semantic Web is composed of the eXtensible Markup Language (XML) (Bray et al., 2008) and Resource Description Framework (RDF) (Manola and Miller, 2004) . XML allows users to add arbitrary structure to their documents but says nothing about what the structures mean (Erdmann and Studer, 2001) . XML Schema (XML-S) is an extension to XML that defines structure with a richer language. Both XML and XML-S lack a semantic model, they help in presenting data in a machine processable but not understandable format. Hence they are not the solution to augment learning materials (and Web resources in general) with semantics.
RDF is an XML-based language for describing resources on the Web. It is considered as the first step towards realizing the semantic Web. RDF identifies objects using Uniform Resource Identifiers (URIs) and describes resources using simple properties and property values. An RDF document represents its knowledge in forms of Subject-Verb-Object (SVO) triples. Triples are used to define the relationships between described concepts. RDF is very similar to a basic directed graph; nodes in the graph represent both subjects and objects and arcs represent predicates. Basic class hierarchies and relations between classes and objects can be expressed in RDFS (Brickley et al., 2004) . Still, RDFS suffers from the lack of formal semantics for its modeling primitives.
The lack of more sophisticated constructs such as data types, enumerations and restrictions, which are needed to describe more complex Web resources, has limited the use of RDF and motivated the development of more expressive description frameworks. Many ontology languages have been proposed in the last few years. Examples include Ontology Exchange Language (XOL), Simple HTML Ontology Extension (SHOE), Ontology Markup Language (OML), Resource Description Framework (RDF) and RDF Schema (RDFS), OIL, DAML+OIL and OWL. However, DAML-S and DAML+OIL are built on top of RDF.
Web Ontology Language (OWL):
The DARPA Agent Markup Language (DAML) was developed by the Defense Advanced Research Project Agency (Defense Advanced Research Projects Agency, 2013) based on RDF and RDF Schema. The Ontology Inference Layer (OIL) was developed to cover the shortcomings of RDF and RDF-S. DAML+OIL (Horrocks et al., 2001 ) is a description logics markup language that combines DAML and OIL to define Web ontologies. The goal of DAML+OIL is to semantically markup Web resources. To realize the vision of the Semantic Web, the Web Ontology Language (OWL) (McGuinness and Harmelen, 2004) was developed on top of DAML+OIL by the US/UK ad hoc Joint Working Group on Agent Markup Languages. The main goal of developing OWL is to give explicit meanings to the information in the Web, making it possible for machines to automate processes and integrate the information available on the Web more easily.
The OWL ontology generally consists of three main components: Individuals; Properties and Classes. Individuals represent objects in the problem domain that we are interested in. Classes contain a set of individuals and properties are binary relations that link individuals to individuals or to data types. Moreover, OWL distinguishes between three main types of properties: Object Property that links an individual to an individual. (e.g., John hasCoAuthor Edward), Datatype Property that links an individual to an XML Schema Datatype value (e.g., "Introduction to eLearning" hasISBN 987321 ) and Annotation Property that can be used to add meta data (data about data) about an ontology. (e.g., Book dc:title "Introduction to e-Learning" ).
Another feature of OWL is that it distinguishes between inverse, functional, transitive and symmetric property. If a property can be an inverse of another then the property is inverse. For example, if Inheritance has Next Polymorphism then we can infer that Polymorphism has Previous Inheritance because the inverse of the has Next property is the has Previous property. A functional property means that an individual can have only one value through this property. For example, if "Introduction to eLearning" has Publisher "John Wily" and "Introduction to eLearning" has Publisher JW then we can infer that John Wily and JW are the same individual (i.e., the same publisher) if we define the has Publisher property as functional property. If a property P is transitive and it links individual x to individual y and it also links individual y to individual z, then we can infer that x is linked to the property z by the property P. For example, if Interface has Previous Polymorphism and Polymorphism has Previous Inheritance, we can infer that Interface has Previous Inheritance if the property has Previous is a transitive property. Finally, if a property P is a symmetric property and it links an individual x with an individual y, then we can infer that an individual y is linked to the individual x through the property P. For example, if eLearning has Related Topic Distance Learning, we can infer that Distance Learning has Related Topic eLearning because the property has Related Topic is symmetric.
One more interesting feature of OWL is that its description can include restrictions. Restrictions can be thought of as anonymous super classes of the class that is being described. The restriction consists of the restriction type, the property and the filler. For example, the restriction ∃ has Content Network contains the Existential Quantifier, the property hasContent and the filler Network. OWL supports three main types of restrictions: Quantifier (Existential and Universal), cardinality and hasValue. The Existential Quantifer (∃) is read as "at least one", "there exists" or "some". For example, the restriction ∃ has Content Network describes the class of individuals that have at least one content that is an individual from the Network class. The Universal Quantifier (∀) is read as "only". For example, the restriction ∀ has Content Network describes the class of individuals all of whose has Content relationships are to members of the Network class. The cardinality restriction is used to describe the number of relationships an individual must have for a given property. Three cardinality restrictions can be used: Exact Cardinality; Minimum Cardinality and Maximum Cardinality. For example, if we describe a class called Book, then the descriptions: = hasChapters 3, > = hasChapters 4, < = hasChapters 4 state that the book has to have exactly two chapters, minimum 4 chapters and maximum 4 chapters, respectively. The hasValue Restriction is used to link a set of individuals that have at least one relationship through a given property to specific individual. The hasValue restriction is denoted by the symbol ∈. For example, ∈ hasAttached CD describes a set of individuals that have at least one relationship along the hasAttached property to the specific individual CD.
Descriptive metadata standards: "Metadata is structured information that describes, explains, locates, or otherwise makes it easier to retrieve, use, or manage an information resource. Metadata is often called data about data or information about information" (The National Information Standards Organization, 2004).
Metadata is important to ensure that the described resource will be discovered and continued to be accessible. For the content of a learning material to be reached, it has to be indexed and searched easily. This is especially true as the volume of learning materials increases. Traditionally, Metadata can be used to describe any types of textual and non-textual objects including published books, electronic documents, educational and training materials.
Standard metadata used in eLearning suffers from the problem of shared understanding. Indeed, shared understanding of concepts used in describing eLearning materials is essential for computer programs and agents because it enables them to create the learning course according to the learner needs and preferences. However, annotating metadata with semantics is an ideal solution for such a problem. The use of ontology based metadata is an essential part of our approach as it enables learners to search and combine learning materials based on the meaning rather than on the content. Moreover, this increases the chance of finding related learning materials that would not be found when dealing with learning materials that are annotated with only standard metadata. The reasons for creating descriptive metadata as stated by the National Information Standards Organization (NISO) (National Information Standards Organization, 2004) Together with a similar specification contributed by the IMS Project, that early ARIADNE version was the basis of the LOM standard. The metadata specification of the IMS project is based on the IEEE LOM scheme with only minor modifications. The goal of the LOM standard is to enable the use and reuse of technologysupported learning resources such as computer-based training and distance learning. The LOM includes a set attributes grouped into eight categories:
• General: Containing information about the object as a whole.
• Lifecycle: Containing metadata about the objects evolution.
• Technical: With descriptions of the technical characteristics and requirements.
• Educational:
Containing the educational/ pedagogical attributes.
• Rights: Describing the intellectual property rights and use conditions. • Relation: Identifying related objects.
• Annotation: Containing comments and the date and author of the comments.
• Classification: Which identifies classification system identifiers for the object.
Conventional metadata standards have contributed to achieve the goal of facilitating the systems interoperability. This means that eLearning systems with different hardware, software and interfaces are now able to exchange data without losing the content and the functionality. However, these standards enable interoperability within specific domains but they failed to address the issue of compatibility between heterogeneous domains. One reason for this failure is that they lack a formal semantic model in their descriptions. This absence of semantic descriptions yield to the problem of shared understanding between the terms within a certain metadata ontology (vocabulary) as well as between terms in different metadata vocabularies. To solve the problems of both compatibility and shared understanding, annotating metadata vocabularies with semantics using Ontologies is a must.
Ontology-based metadata: Three dimensions of metadata should be taken to consideration when annotating learning materials with semantics: content, context and structure (Fig. 1) . Learners may search for eLearning materials based on one or more of these three dimensions. The content dimension describes the concrete components of the described learning material. In other words it describes what the learning material is all about. The context dimension Res. J. Appl. Sci. Eng. Technol., 6(22): 4305-4317, 2013 Conventional metadata standards have contributed to achieve the goal of facilitating the systems interoperability. This means that eLearning systems with different hardware, software and interfaces are losing the content and the functionality. However, these standards enable interoperability within specific domains but they failed to address the issue of compatibility between heterogeneous domains. One reason for this failure is emantic model in their descriptions. This absence of semantic descriptions yield to the problem of shared understanding between the terms within a certain metadata ontology (vocabulary) as well as between terms in different the problems of both compatibility and shared understanding, annotating metadata vocabularies with semantics using Ontologies Three dimensions of metadata should be taken to consideration when annotating learning materials with semantics: content, context and structure (Fig. 1) . Learners may search for eLearning materials based on one or more of these three nt dimension describes the concrete components of the described learning material. In other words it describes what the learning material is describes the Fig. 1 : Dimensions of e-learning metadata presentation form of the described learning material. Learning materials can exist in different presentation forms, for example an introduction, an explanation, discussion, details, figure, example, discussion, survey and flow chart. In eLearning, the lear composed of chunks of knowledge that need to be linked together someway and according to the learner's needs and preferences to build up the training course. The structure dimension is used to describe the location and order of a particular learning material in relation to other learning materials.
The content metadata:
The description of the content of the learning material is essential to solve the problem of shared understanding mentioned previously. As depicted in Figure 2 , the author describes the content of the learning material semantically. Learners (or software agents who are responsible of building up the course) search this description and decide whether it satisfies their query. Hence, content metadata description is not only used when providing learning materials but also when searching for them. When adopting our upper ontology, proposed in the next section, to annotate metadata with semantics, the search for learning materials will not be based on simple keyword (syntax) search, instead, it will be based on the semantic description of their metadata. Fig. 2 : The use of content description in providing and searching e-learning materials learning metadata presentation form of the described learning material. Learning materials can exist in different presentation forms, for example an introduction, an explanation, discussion, details, figure, example, discussion, survey and flow chart. In eLearning, the learning material is composed of chunks of knowledge that need to be linked together someway and according to the learner's needs and preferences to build up the training course. The structure dimension is used to describe the location r learning material in relation to
The description of the content of the learning material is essential to solve the problem of shared understanding mentioned previously. As describes the content of the learning material semantically. Learners (or software agents who are responsible of building up the course) search this description and decide whether it satisfies their query. Hence, content metadata ed when providing learning materials but also when searching for them. When adopting our upper ontology, proposed in the next section, to annotate metadata with semantics, the search for learning materials will not be based on simple h, instead, it will be based on the semantic description of their metadata.
The keyword based search fails to retrieve materials described using synonyms ("old" and "ancient"), abbreviations ("DL" and "Description Logic"), different languages ("vehicle" in English and "vehikel" in Dutch), morphological variations ("semantic-based metadata" and "semantic based metadata"), singular and plurals ("mouse" and "mice") of the search string. Moreover, two metadata descriptions can have the same keywords to describe different topics. For example, two descriptions for two different learning materials can use the keyword "soap"; while the first description tries to use this keyword to denote the cleaning product soap, the other one tries to use the same keyword to denote the SOAP protocol (Simple Object Access Protocol). Keywordbased search suffers from two well known problems in information retrieval systems: low precision and reduced recall. The former means that many irrelevant metadata may include the query keywords in its description. The latter means that the query keywords are semantically equivalent but syntactically different from the words in the described metadata. To overcome such problems, we annotate metadata descriptions with semantics to avoid the problems of the keyword-based search. The domain ontology used to describe the learning materials metadata should encapsulate all the above mentioned relations: synonyms, abbreviations, language, morphological variations, singular and plurals The presentation context metadata: Learning materials can be presented in different presentation contexts; examples include an introduction, an explanation, discussion, details, figure, example, discussion, survey and flow chart. Learners may specify their preferred context when searching for eLearning materials. Sometimes, the type of the users and their level of knowledge determine the type of presentation context they search for. For example, experienced learners may search for a detailed explanation of a certain topic while beginner learners may search for an introduction to the topic. Context metadata ontology is needed to describe the presentation context of the described eLearning material. This ontology plays a main role in achieving a shared understanding between vocabularies used in describing the metadata of different eLearning materials. For example, the domain ontology used to describe the context metadata of a particular eLearning material should define " Fig" and  "Figure" as synonyms.
The structure metadata: In contrast to the static traditional learning material, eLearning material is dynamic (Table 1) . It is built up based on the learner's level of knowledge and his/her preferences. We should not expect that learners will go through the eLearning material sequentially. They may move from one topic (Engelhardt et al., 2006) . The properties and characteristics of these relations are distributed across metadata repositories. A description logic reasoner such as RACER (Haarslev and Moller, 2001 ) and Pellet (Sirin et al., 2007) and JENA framework (Apache Software Foundation, 2009) can infer new hidden structure relationships between the eLearning chunks of knowledge. For example, in our ontology, we define that the properties isNarrowerThan and isBroaderThan as inverse properties. Assume that we describe the generality of two learning materials D1 and D2, if we assert that a learning material D1 isNarrowerThan D2, the reasoner can infer that D2 is BroaderThan D1. Such new knowledge does not only enable searchers to search for a narrower learner material than D1 (which is stated in the description) but also for a wider learner material than D2 (which is inferred by the reasoner). However, to be able to infer new knowledge, defining a set of inference rules is required. Let us assume that D1, D2 and D3 represent eLearning documents (i.e., chucks of knowledge), the following are examples of inference rules that are written in normal English rather than Boolean algebra or F-logic:
• If D1 is narrower than D2 and D2 is format of D3 then D1 is narrower than D3.
• If D1 is based on D2 and D3 has part D2 then D1 is based on D3.
• If D1 requires D2 and D2 is based on D3 then D1 is based on D3.
• If D1 is more specific that D2 and D2 is format of D3 then D1 is more specific than D3.
• If D1 is version of D2 (or D1 has version D2) and D1 is format of D3 and D2 is format of D3 then D1 is alternative to D2.
AN ONTOLOGY-BASED E-LEARNING FRAMEWORK
The basic e-Learning architecture involves three component roles: an author; a learner and a repository. The author provides a semantic-based description of the eLearning material to the repository; this description includes the description of the content, context and structure metadata. The learner poses its query to the repository to search for a provided d satisfies its needs and preferences. The repository is responsible to apply certain matching algorithms to return eLearning materials that satisfy the learner's query. Checking all available eLearning material Res. J. Appl. Sci. Eng. Technol., 6(22): 4305-4317, 2013 4312 learning portal architecture A schema of providing descriptions to the repository based description of the eLearning material to the repository; this description includes the description of the content, context and structure metadata. The learner poses its query to the repository to search for a provided description that satisfies its needs and preferences. The repository is responsible to apply certain matching algorithms to return eLearning materials that satisfy the learner's query. Checking all available eLearning material descriptions in the repository when receiving a learner's query can be time and effort consuming. Hence, the repository can be filtered when receiving a query according to certain semantic similarities between the query and the available descriptions. Moreover, returned eLearning materials can be ranked according to their degree of match to the learner's query.
Based on this architecture we have proposed an ontology-based eLearning architecture that enables when receiving a learner's query can be time and effort consuming. Hence, the repository can be filtered when receiving a query according to certain semantic similarities between the query and the available descriptions. Moreover, ials can be ranked according to their degree of match to the learner's query.
Based on this architecture we have proposed an based eLearning architecture that enables three main functions: providing descriptions, querying the repository and browsing (navigating) the repository. Figure 3 depicts the proposed eLearning architecture. Learners can query the repository to find eLearning materials that satisfy their needs. The query should encapsulate a semantic description of the content, the context and the structure of the required material. The chance to return accurate results increases when both authors and learners use the same domain ontology to describe their eLearning materials and queries respectively. Both learners and authors have the abilit to browse the repository to tune their provided material and queries.
To ensure that the repository contains only valid eLearning material descriptions, it accepts only descriptions that pass a consistency check. This is one of the tasks that can be performed by description logic reasoners. Consistency check is used to ensure that all concepts and relations used in the provided descriptions are valid. Indeed, this limits the possibility of returning eLearning materials that do not satisfy the learner's need. Figure 4 depicts the process of providing descriptions to the repository.
AN E-LEARNING MATERIAL DESCRIPTION UPPER ONTOLOGY
Knowledge-based systems distinguish between two kinds of knowledge: the intensional (T Box) and extensional (A Box) knowledge. While the intensional knowledge represents general knowledge, the extensional knowledge represents more specific knowledge about the knowledge domain. T Box encapsulates the intensional knowledge in the form of terminologies that includes declaration of concepts and roles. It is the structure of the knowledge domain and the asserted axioms. A Box is a concrete example of the knowledge domain of the asserted axioms; it encapsulates examples of individuals and their Appl. Sci. Eng. Technol., 6(22): 4305-4317, 2013 4313 three main functions: providing descriptions, querying ing (navigating) the repository. depicts the proposed eLearning architecture. Learners can query the repository to find eLearning materials that satisfy their needs. The query should encapsulate a semantic description of the content, the nd the structure of the required material. The chance to return accurate results increases when both authors and learners use the same domain ontology to describe their eLearning materials and queries respectively. Both learners and authors have the ability to browse the repository to tune their provided material To ensure that the repository contains only valid eLearning material descriptions, it accepts only descriptions that pass a consistency check. This is one formed by description logic reasoners. Consistency check is used to ensure that all concepts and relations used in the provided descriptions are valid. Indeed, this limits the possibility of returning eLearning materials that do not satisfy the learner's depicts the process of providing
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based systems distinguish between two kinds of knowledge: the intensional (T Box) and knowledge. While the intensional knowledge represents general knowledge, the extensional knowledge represents more specific domain. T Box encapsulates the intensional knowledge in the form of ation of concepts and roles. It is the structure of the knowledge domain and the asserted axioms. A Box is a concrete example of the knowledge domain of the asserted axioms; it encapsulates examples of individuals and their properties. In the context of eLearning, Ontologies are seen as examples of T Boxes, while the provided eLearning materials submitted to the repository are seen as examples of A Boxes.
In this section, we propose an upper ontology (T Box) for describing eLearning materials. This ontolog is considered as a step towards standardizing the process of describing e-Learning materials to facilitate the process of discovering and composing them efficiently. Authors of different e should describe their provided descriptions us same description standard. Moreover, the process of discovering and composing e-Learning materials to build up eLearning courses would become much easier when distinct e-Learning materials are described using the same ontology.
Based on the architecture of the eLearning material portal presented in the previous section, F an upper ontology for describing eLearning materials. As can be seen in the figure, the author provides a description of the eLearning materials. The description includes the basic three dimensions of semantic metadata: content, context and struct ontology is implemented using Protégé et al., 2001) . The ontology defines four main aspects: a hierarchy of concepts, relationships between concepts, properties of concepts and inference rules to infer new knowledge.
The ontology concepts and relationships: depicts part of the ontology concepts and their sub sumption and supersumption relationships. The concepts content, context and structure correspond to the description of the content, context and structure metadata respectively. The concepts network, hierarchical and linear are sub concepts of the structure concept. They are used to describe the complexity of the eLearning materials.
earning, Ontologies are seen as examples of T Boxes, while the provided eLearning materials submitted to the repository are seen
In this section, we propose an upper ontology (T Box) for describing eLearning materials. This ontology is considered as a step towards standardizing the Learning materials to facilitate the process of discovering and composing them efficiently. Authors of different e-Learning materials should describe their provided descriptions using the same description standard. Moreover, the process of Learning materials to build up eLearning courses would become much easier Learning materials are described using cture of the eLearning material portal presented in the previous section, Fig. 5 depicts an upper ontology for describing eLearning materials. As can be seen in the figure, the author provides a description of the eLearning materials. The description includes the basic three dimensions of semantic metadata: content, context and structure. The proposed Protégé (Tudorache ., 2001) . The ontology defines four main aspects: a hierarchy of concepts, relationships between concepts, properties of concepts and inference rules to infer new ontology concepts and relationships: Figure 6 , depicts part of the ontology concepts and their sub sumption and supersumption relationships. The concepts content, context and structure correspond to the description of the content, context and structure adata respectively. The concepts atomic, collection, are sub concepts of the concept. They are used to describe the materials. When the Fig. 6 : Part of the e-learning ontology generated by protégé OWL 
described learning object is indivisible and does not contain any other learning objects then it is described as atomic, which is the simplest eLearning material type. While the collection concept is used to describe materials with no specified relationship between them, the network concept is used to describe materials with relationships that are unspecified. The concept hierarchical is used to describe materials whose relationships can be presented by a tree structure. Finally, eLearning materials that are fully ordered are described using the concept linear. E-Learning materials can exist in different presentation forms. These forms are defined as sub concepts of the concept context. Hence the concept context has the concepts introduction, explanation, discussion, details, figure, example, discussion, survey and flow chart as sub concepts. In the ontology, we distinguish between two types of users: the author and the learner. While authors provide eLearning material descriptions to the repository, learners search for e Learning materials to build up a course ac their preferences. learning material is composed of chunks of knowledge that need to be linked together someway and according to the learner's needs and preferences to build up the training course. Hence, we define the concept Document (which de Res. J. Appl. Sci. Eng. Technol., 6(22): 4305-4317, 2013 4314 tology generated by protégé OWL Viz
The OWL object properties (relations) used in the eLearning material ontology
described learning object is indivisible and does not contain any other learning objects then it is described as , which is the simplest eLearning material type. concept is used to describe materials with no specified relationship between them, concept is used to describe materials with relationships that are unspecified. The concept is used to describe materials whose relationships can be presented by a tree structure. Finally, eLearning materials that are fully ordered are Learning materials can exist in different presentation forms. These forms are defined as sub . Hence the concept introduction, explanation, discussion, details, figure, example, discussion, survey
In the ontology, we distinguish between two types of users: the author and the learner. While authors provide eLearning material descriptions to the repository, learners search for eLearning materials to build up a course according to their preferences. learning material is composed of chunks of knowledge that need to be linked together someway and according to the learner's needs and preferences to build up the training course. Hence, we (which denotes a certain chunk of knowledge) to be a subconcept of the Learning material concept. The relations parentDocument and firstchildDocument describe the sequence of two learner materials at two successive structure levels. Whenever a document D2 has the document D1 as its first child document, then the document D1 has the document D2 as its parent Document. This rule facilitates a semantic navigation through elearning materials (up and down one level navigation). For All D1, D2 D1: Document [prevDocument->>D2] <-D2: Document [nextDocument->>D1].
The relations prevDocument and nextDocument describe the sequence of two learning materials at the same level in the tree structure of the elearning materials. Whenever a document D2 is known to have a document D1 as its next documents, then the document D1 has the document D2 as its previous document. This rule facilitates a semantic navigation through elearning materials (backward and forward Whenever a document D1 is more specific than a document D2, and the document D2 is format of a document D3, then the document D1 is more specific than the document D3. Whenever a document D1 is a version of a document D2 or the document D1 has version the document D2 and the document D1 is format of a document D3, and the document D2 is format of the document D3 then the document D1 is alternative to the document D2. This relation depicts the transitive property of the hasTopic relation. Whenever a content C1 has topic a content c2 and the content c2 has topic a content c3 then the content c1 has topic the content c3. For example, based on the facts that "collections hasTopic DirectAccessCollections" and "DirectAccessCollections hasTopic Array" then the fact that "Collections hasTopic Array" can be concluded. This rule is crucial for searching purposes. For example, and based on the facts that "Collections hasTopic Array" and "DirectAccessCollections hasTopic Array" then the fact "Collections hasTopic DirectAccessCollections" can be concluded. In other words, rule ensures that whenever a document with the content Collections is searched for, then the documents about "DirectAccessCollections" and "Array" are also found. This rule ensures that whenever two documents D1 and D2 are talking about the same content and the document D1 is in the presentation form of Explanation and the document D2 is in the presentation form of Example then the document D2 has the document D1 as its previous document. Indeed, this is true because the example comes after the explanation. This rule ensures that whenever two documents D1 and D2 are talking about the same content and the document D1 is in the presentation form of Introduction and the document D2 is in the presentation form of Discussion then the document D1 has the document D2 as its next document. Indeed, this is true because the discussion comes after the introduction of the topic.
is defined to be a subclass of the concept e-learning material. Table 3 shows the OWL object properties that are used in our ontology. The domain and range of all these properties are also shown in the table. These properties play a main role in forming inference rules that are utilized by the description logic reasoner to infer new knowledge as will be shown in the next section.
The ontology inference rules: OWL is based on description logic and every OWL description can be mapped into description logic definition. Description logic reasoning techniques can be applied to infer new knowledge. Consequently, new hidden relationships between asserted concepts can be revealed.
In building up an eLearning course scenario, this enhances the chance to locate eLearning materials that are related to the learner's needs. Indeed, locating such learning materials would not been possible if considering only the asserted model but not the inferred one. A significant feature of our approach is that it employs description logic reasoning techniques when receiving a learner's query to broaden the chance of discovering e-learning materials that satisfy the user's needs and preferences.
Description logic supports four main reasoning tasks on concepts: consistency (satisfiability), taxonomy (subsumption), equivalence and disjointness. The consistency check is essential to make sure that defining a new concept does not contradict with other defined concepts. This is done by applying what is called a satisfiability inference check. For example, if the concepts desktop application and web based application are defined as disjoint concepts, then defining a concept as a subclass of both the concepts desktop applications and web based application is considered inconsistent. This is because such a concept cannot have any instances. Indeed, something cannot be instance of desktop application and web based application at the same time.
The taxonomy inference checks whether a certain concept denotes a more general concept than another one. While the automatically computed class hierarchy that results from this reasoning task is called an inferred ontology class hierarchy, the manually stated class hierarchy is called an asserted ontology class hierarchy. For example, if we define the concept WWW as a subclass of the concept Internet, then any individual that is a member of the concept WWW is implicitly an individual that is a member of the concept Internet. Reasoning tasks can also find equivalent and disjoint concepts that are not explicitly asserted in the ontology.
The following are some of inference rules of our ontology presented in F-Logic (Kifer et al., 1995) . The statement D1::D2 could be read as concept D1 is a subconcept of the concept D2 and the statement D1 [somerelation->>D2] could be read as the concept D1 is in the relation some relation with concept D2. Table 4 depicts some of the description logic inference rules defined in our ontology.
CONCLUSION AND RECOMMENDATIONS
Recently, we have seen many proposals that aim at augmenting eLearning material descriptions with semantics. The aim of the Semantic Web is to make the Web content machine understandable besides being processable. The use of the new emergent Semantic Web technologies in eLearning systems can offer more flexibility not only in terms of locating suitable eLearning materials that satisfy the learner needs and preferences but also in terms of navigating through eLearning course.
In this study, we have proposed an ontology-based eLearning material framework that governs the interaction of the main three component roles of the eLearning architecture: the author; the learner and the repository. We have also presented a semantic-based upper ontology to describe eLearning materials. The proposed ontology is considered as a step towards standardizing the semantic annotation of eLearning material descriptions. The ontology considers semantically annotating the descriptions the three dimensions of the semantic metadata: content, context and structure. While the upper ontology is implemented using OWL, the description logic RACER is used to infer new knowledge according to predefined set of inference rules.
One dimension of future work is to extend the set of inference rules that are existed in our knowledge base to reveal more hidden knowledge on the structure, content and context levels. Another dimension of future work is to extend the proposed semantic-based eLearning portal architecture to enable ranking the existed eLearning material descriptions in the repository according to their relevance to the learner's query.
